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Fig. 1 The geology of Chipu deposits( from Liu and Lin * )
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(MID) 2 1 .

4 2. C38
( TOC)
1% ~5% 10% (TOC) 66.2% ~93.4% H/C
; =0.10~0.20 0/C=0.02 ~0.06,
; 5 ((A »
2 mm \ “A”
3 o Y
5% 10%
Ry, =2.13 ~3.76( 1) R, =1. “A” 0.0048% ~0.0123%
T7% ~ 2. 86% T.. =227 ~ 0.0071% . N
288C 39. 26 ~ 54. 84% 46.
02 R, =0.668 x R} +0. 346 44% 3.17 ~8.09% 5.65 %
* R, =0.3195 + 34.96 ~51.28% 41.55 %
0.6790 x R! T Barker 4.13 ~10.26% 6.36 % (
Pawlewicz InR, =0.078 x T, —1.2 . + ) 42.71 ~60.19% 58.46 % .
1 N
Table 1 The reflectivity and the maximum burial depth of the organic matter in Chipu Pb —Zn deposit
(R, /%) Ton!°C
Ry /% n . ] > max
c27 3.76 36 0.807 2.86 2.87 288
C31 3.46 27 1.024 2.65 2.67 279
C23 2.13 31 0.558 1.77 1.77 227
€20 2.62 37 1.059 2.10 2.10 249
c21 2.67 34 1.067 2.13 2.13 251
: ( ) : LEITMPV -3 2800 28 !
2627 R, =0.668 x R; +0.346; 2o » R, =0.3195 +0.6790 x R},
2 N N CHO

Table 2 The content of N C H O element in bitumen of Chipu Pb —Zn deposit
N/% C/% H/% 0/% H/C 0/C 3/%

c40 N 0.54 61.33 1.04 3.25 0.20 0.04 66.16
c42 0.79 84.17 0.86 3.36 0.12 0.03 89.18
C24 N N 0.68 71.07 0.71 2.61 0.12 0.03 75.07
C28 N 0.67 80.87 0.74 2.71 0.11 0.03 84.99
C31 N 0.61 81.71 0.71 1.64 0.10 0.02 84.67
C36 . . 0.55 73.22 0.87 4.32 0.14 0.04 78.96
C38 N N 0.44 21.75 1.33 22.92 0.73 0.79 46.44
C27 N 0.67 89.88 0.88 1.92 0.12 0.02 93.35
C43 0.67 65.18 1.01 5.01 0.19 0.06 71.87
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3 . “A” . NN (%)

Table 3 Compositions of chloroform bitumen “A ”and its saturates aromatics resins and asphaltenes in Chipu ore and host rocks

"A" % 1% /% /% /% % /%
c40 N 0.0063 39.31 5.29 51.28 4.12 100. 00 44.60
C42 0.0084 51.68 7.19 35.01 6.12 100. 00 58.87
C24 N N 0.0076 53.91 3.17 36.99 5.93 100. 00 57.08
C28 N 0.0068 39.45 4.5 45.78 10.26 99.99 43.95
C31 N 0.0123 49.2 8.09 35.78 6.93 100. 00 57.29
C36 N N 0.0048 46.93 7.2 39.85 6.02 100. 00 54.13
C38 N N 0.0068 43.36 6.65 43.24 6.75 100. 00 50.01
C27 N 0.0058 54.84 5.35 34.96 4.85 100. 00 60.19
C43 0.0052 39.26 3.45 51.04 6.25 100. 00 42.71
0.0071 46.44 5.65 41.55 6.36 100. 00 52.09
6 0. 93; Ph/nC,, 0.99 ~ 1. 82
1.33;Pr/Ph  0.33 ~0.57 0.43( 4) ,
e
2400
( 2) 2200 E{=E
2000 /
1800 /
“A” /
1600
1400
(13 ”»
° A 1200
— 1000
R 800
o 600 T T . T T T T T T T T
10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00
6.1 Aisf 1)
Cm ~ C29 2
nC g ( 3 ) - OEP Fig.2 The mass chromatogram of blank test
1 1 Pr/nCy, 0.64 ~1.11
4 .
Table 4 n-Alkanes and isoprenoid parameters of organic matters in Chipu Pb — Zn ore deposit
OEP Pr/nC,, Ph/nCg Pr/Ph (Pr+nCy;) /( Ph+nC)
c40 17 -29 nC18 0.97 0.91 1.24 0.34 0.40
C42 16 -27 nCl18 0.86 1.00 1.31 0.57 0.64
C24 16 -28 nCl18 0.88 1.01 1.32 0.48 0.55
C27 17 -28 nCl18 1.04 0.95 1.64 0.51 0.65
C28 16 -27 nC19 1.21 0.99 1.82 0.38 0.49
C31 16 -29 nCl18 0.89 0.64 1.03 0.50 0.65
C36 17 -29 nCl18 0.90 1.11 1.42 0.37 0.41
C38 17 -29 nC18 0.89 0.92 1.23 0.39 0.45
CH43 17 -29 nC18 0.84 0.88 0.99 0.33 0.35
/ nCy  nCp OEP 5

OEP =( Cy; +6Cyg +Cyy) /(4Cy +4Cy,) .
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Fig.3  Mass chromatogram of n-Alkanes of organic matter in Chipu Pb —Zn deposit ( m/z 85)

( 5) Coo
o Cydaldal7a 20R
( 5o m/z 217

17a( H) 218( H) - T Cy Gy Cy
(Cy GCy) / 0.13~0.18.0.08 ~0.13 0.16 ~
( 4. 5 0.22( Coy Co
Ts/( Ts + Tm) / ) Cyoaca(R)% 64.11 ~68.
0.46 ~0.50 ; 22S/(22S +22R) 45% Cyaaa(R)%  53.20 ~63.23% C,, acaa
0.54 ~0.56 ; Pa— lap- (R)% 58.78 ~65.13%; C,,/Cy,Cy 32.69
0.13 ~0.14 . ~40.44% Cp/Cy-Cpy  26.67 ~31.36% Cpy/Cyy—
Cy Ch 32.07~37.14%; C,y— 20S/(20S +20R)
. 0.35~0.44(  6);Cy BB/( ac + BP)
6.3 0.35~0.41;BB/(aa+BR) R 0.33 ~0.40; BB/
. . (aa +BB)S  0.26 ~0.70( 6 ).
5 N
Table 5 Statistics table of terpane in the organic matter from Chipu depsoit
Ts/( Ts + Tm) 228/(22S +22R) 22S/22R Ba-  lap- 7o H) -
C40 0.47 0.54 1.19 0.14 0.15
Cc42 0.48 0.55 1.20 0.13 0.72
C24 0.49 0.54 1.17 0.14 0.95
C-28 0.50 0.56 1.29 0.13 0.38
C31 0.48 0.56 1.25 0.14 0.81
C36 0.47 0.56 1.25 0.14 0.15
C38 0.46 0.56 1.25 0.14 0.12
C27 0.48 0.56 1.26 0.14 0.30
C43 0.50 0.55 1.20 0.14 0.24
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4 N (m/z191) (1~14 15 ~36 )
1. (Cp); 2. (Cyp): 3. (Cy)s 4 (Cu)s 5. (Cy); 6. (Cy)
(Cy): 8. (Cy)i 9. (Cy); 10. (Cy) s 11. (Cy) s 12. (Cy); 13. (Cy); 14.

(Cy); 15.18a( H) 22 29 30- (Ts); 16.17a( H) 22 29 30- (Tm); 17. (Cy); 18.

(C3) 5 19.17a( H) 21.B(H)30- ; 20. 18«a( H) 30— (CyTs); 21.17a( H) - ; 22.17a( H) 21a( H) 30-
( ): 23.17a( H) 21B(H) -~  ; 24.178(H) 21a(H) - (  ); 25.17a(H) 21B( H) 29— 228; 26.17a( H) 218( H) -
29— 2R; 27. : 28.17Ba( H) 21a( H) 29— 22R +22R; 29. 17a( H) 21B( H) 29— 228; 30.17a( H) 218

(H) 29- 22R; 31.17a( H) 21B( H) 29— 228; 32.17a( H) 21B( H) 29- 22R; 33.17a( H) 21B( H) 29-
228; 34.17a( H) 218( H) 29- 22R; 35.17a( H) 21B( H) 29- 228; 36.17a( H) 21p( H) 29- 2R
Fig.4 Mass chromatogram of terpane in the organic matter from Chipu deposit ( m/z 191)
1 ~ 14 are terpane 15 ~36 are hopane
6 N
Table 6 The sterane statistics table of organic matter from Chipu deposit ( continued from Table 6)
Cy, Cyg Cyo Cyy Cogaaa Cyy Cyr/ Cog Cao
/ / / (R) % (R) % (R) % CyrCyo [Cy7-Cyo [Cy-Coo
C40 0.13 0.09 0.17 66.33 53.71 63.43 37.12 28.98 33.91
C42 0.18 0.12 / 65.79 63.23 63.54 40.44 27.49 32.07
C24 0.16 0.11 / 66.01 61.29 60. 60 37.32 26.91 35.77
C28 0.16 0.10 / 64.11 53.60 58.78 38.50 28.94 32.56
C31 0.18 0.13 / 68.41 56.40 65.13 39.24 26.67 34.09
C36 0.14 0.09 0.18 66. 08 59.01 64.63 35.65 29.71 34.64
C38 0.13 0.12 0.16 68.45 53.20 63.26 32.94 29.91 37.14
C27 0.15 0.08 / 67.56 53.81 62.75 32.69 31.36 35.95
C43 0.13 0.10 0.22 67.39 58.08 64.13 39.40 27.87 32.73
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5 N (m/z 217) 3~10 15.16 11~14 17 -~24
1. 2. ; 3.138 17a- 20S; 4.13B 17a- 20R; 5.13a 17B- 20S; 6. 13a 17B-
20R; 7 8.13B 17a- 20S(248 +24R); 9 10.13B8 17a- 20R(24S +24R); 11.5a l4a 17a- 20S; 12. 5«
148 17B- 20R; 13.5a 148 17B- 208; 14.5a 14a 17a- 20R; 15.138 17a- 20R; 16. 138 17a-
208; 17.5a 14a 17a- 208; 18.5a 148 17B- 20R; 19.5« 148 17B- 208; 20.5a 14a 17a- 20R; 21.
Sa lda 17a- 208; 22.50 148 17B- 20R; 23.5a 148 178- 20S; 24.5a l4a 17a- 20R
Fig.5 Sterane mass chromatogram of organic matter from Chipu deposit ( m/z 217)

3 ~10 and 15 16 are the rearranged steranes 11 ~14 and 17 ~24 are steranes
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6 . «C )
Table 6 The sterane statistics table of organic matter from Chipu deposit ( continue from Table 4)
Cy 20S/(20S +20R) Cy BB/( acx + BP) Cy BB/(BR +aa) R Cyo BB/( BB + ) S Cy7/Cy
C40 0.37 0.37 0.35 0.48 1.09
C42 0.39 0.36 0.36 0.62 1.26
C24 0.39 0.39 0.38 0.29 1.04
C28 0.44 0.35 0.37 0.70 0.91
C31 0.35 0.35 0.35 0.67 1.18
C36 0.37 0.37 0.35 0.44 1.15
C38 0.36 0.37 0.35 0.26 1.03
C=27 0.40 0.41 0.40 0.69 0.89
C43 0.37 0.36 0.33 0.70 1.20
6.4 o N
C42 o
C24 8B(H) - N H/C—O0/C
( )
7
7.1 o
2.0
o | 7 1
——ee 9
« 3
P
( R, HI/C) *°
Q o R . .
3] o 5
. C38 01 05 06 07 08 09
C.N.H.0 66. 16% e
89. 18% C 61.33% ~ 84. 6 ( ?)
17%; 0 1. 64% ~4.32%; H 0. 71% ~ " s '
1.04% ; N 0.54% ~0.79% - ( 5 o
) N C.N.H.O Fig.6 Thermo-evaluation of different kinds of kerogen
71.87% ~93.35% C (After Li et al. 2)
65.18% ~89.88% O 1.92% ~5.01% H
0.88% ~1.01% N 0.67% . C43
o C.H.N
N H/C 0.2
0/C 0. 04, 2 2 C.H.O-N
(6 100% 7 0
1 - €38 0
o ) o

H/C 0/C N 7 (1)
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7
Table 7 The comparison on the content of N C H O about the different types of bitumen
N/% C/% H/% 0/%
6 0.70 ~0.91(0.80) 92.70 ~96.50(94.36) 0.84 ~1.57(1.05) 1.94 ~5.47(3.79)
2 0.72 ~0.93(0.82) 90.69 ~96.28(93.49) 0.94 ~1.41(1.17) 2.06 ~6.97(4.51)
0.3~3.1 83 ~87 8 ~10 2~6.9 31
>95 31
3 C Ts/( Ts + Tm)
H O.N
Ts/( Ts + Tm) ’,
;(2) \
N C 0 Ts/( Ts + Tm)
H.N o
N (5) 17
1 (H) - 3
N /17a( H) - N / 0.12 ~0.95
Ts/( Ts + Tm) NT7a( H) - (0.03 ~
(1) 4 5 m/z 191  m/z 217 0.20) ° .
5 20R (6) CxSa( H) 14a( H)
208 Ta(H) - ( ) Cy
20S/(20S +20R) O 0.5 (0.52 ~0.55
(2) 22S/(22S +22R) 0.54 ~0.56 ) o 20S/( 20S + 20R)
( 5 0.35~0.44 0
(7) 20S  20R Cy-— ( ) Cd4.C-
N 17 BB/( BB + aa)
o 0.7 (0.67 ~0.71 )
(3) Ba—  /ap- BB/( BB + acr) : BB/
0.8 0.15° . (BB +aa) 0.35~0.41 BR/( BB +aa) R
Ba- laB- 0.13~0.14 < 0.33~0.40 BR/( BB + aa) S
0.15( 5) 0.26 ~0.70 ( 6 ) 0.36 ~
2 0.54 0.70
(8) C,, 22S/22R- aaa-C,,
20S/( 208 +20R) ( 7
(4) Cy17a( H) - (Tm
17a( H) 22 29 30- ) C,; 18 0
(H) - Ts/( Ts + Tm) (9) aoa-CyS/(S+R) — Cu(S+R)
0.46 ~0.50 Ts/( Ts + Tm) oafB/( aBp +aaa) ( 6 8)
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o
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8 N
Table 8 Comparison of bio-geochemical features of Chipu ore with crude oil from different organic matter

( ) ()

8.6%0 ~13.2%o0

C21 ~C35 ( C27 C29 C}l) Cls C19 C21 ”C35
/ ( Pr/Ph) <2 =3 ~1-3 0.33~0.57 0.43 <2
Pr/nC,, ( <0.5) (>0.6) / 0.64 ~1.11 0.93>0.6
Cyy ~Cy Cog Coo Cyx Cy 33% ~40% Cpy 27% ~31% Cypy 32% ~37%
Cso (24 - )
( ) 8p(H) -
((CyoH52)

Peters K E Moldowan J M. 1995

9
( 9 .
. (2) CPI  OEP 1.0
/
OEP 1.0
0.93 OEP 1.0
(3) 4 /nCig
0.3 1.33 9
/nCq
(4) / (Pr/Ph)0.33 ~
0.57 0.43 9
Pr/Ph
ct AVA A \ A N AVA AV \ \ C.,
9 C277C28 C29 (5) ( 9) C35
Moldowan ( 0. 031 ~
Fig.9 The triangular diagram of content for 0. 055)
Cy;—Cyg—Cyg sterane
8 N ’
(6) 4 (Cy) 4 ( Cy)
( 6) . C=27 C=28
7 2 2 D) C27 C29 9
. (7) Cy
(01) 5 / C26 ~ C30 Cw ~ Czs °
C26

6.1~17.0 7.0
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Table 9 Comparison of bio-geochemical features of Chipu ore with crude oil from carbonate rocks and shale
% 8.6%0 ~13.2%o0
/ - - 6.1~17.0 7.0
OEP <1.0 0.64 ~1.11 0.93
/ ( =1) ( <I) 0.33~0.57 0.43 <1
/nC18 (=0.3) (<0.3) 0.99~1.82 1.33>0.3
Cyp <Gy Cy>Cy Gy >Cy
/17a( H) -
/ Cy7 .29 / :0.13 ~0.18.0.08 ~0.13  0.16 ~0.22
Cag /Csp (>1) 0.56 ~0.63
Cas— (Css/Cap ~Cas) Cas— 0.031 ~0.055
Ts/( Ts + Tm) 0.46 ~0.50 0.48
N Peters and Moldowan *
10 N
Table 10 The parameters of hopane from Chipu ore
. - e - e - e ~ e o /G0 e
(“31 /(‘31~35 (’32 /(‘31~35 ("33 /(‘31~35 (“34/(“31~35 (‘35 /(“31~35 / B (‘30 /(‘29TS
aB-
c40 0.42 0.22 0.20 0.14 0.02 0.56 0.36 0.48
C42 / / / / / 0.63 0.31 0.48
C24 0.49 0.26 0.16 0.08 0.02 0.59 0.32 0.48
C28 / / / / / 0.57 0.33 0.50
C31 0.50 0.25 0.15 0.08 0.03 0.58 0.35 0.48
C36 0.49 0.25 0.15 0.07 0.04 0.57 0.36 0.49
C38 0.46 0.25 0.16 0.08 0.04 0.56 0.39 0.52
C27 0.48 0.26 0.17 0.07 0.03 0.60 0.35 0.56
C43 0.52 0.25 0.14 0.06 0.02 0.56 0.35 0.48
(8) 5 Ts/( Ts + Tm) .
0.46 ~0.50 0.48( 9)
(9) 7.3
o /
o / ? ?
( 6. 0.09 ~0.22
N 7.3.1 N
(1) / ( Pr/Ph) 0.33 ~
o 0.57 0.43 o
(2) CPI  OEP 1.0
OEP 1.0 0.93
° OEP 1.0
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Research on the Biomarker from Chipu Pb-Zn Deposit Sichuan

. 1 e ] - 1 2 - 1
ZHANG Chang—¢ging YU Jinjgier MAO Jing-wen YU Hang" LI Hou-min
(1. Institute of Mineral Resources Chinese Academy of Geological Sciences Beijing 100037;

2. No. 1 Oil Producing Plant of Qinghai Oil Field Dunhuang Gansu 736202)

Abstract The Chipu lead—zinc deposit has closely associated with the bitumen. There have a large number of bitu—
men grown up with lead-zinc sulfide hosted by carbonate rocks. Through ethnic separation quantitative and saturated
hydrocarbons chromatogram-mass spectrum analysis we researched on the ethnic composition and biomarker of bitu—
men and discussed their geological significance. The conclusions are shown as follows: (1) Organic matter in lead—
zinc deposits mainly came from carbonate rocks minor came from the shale and no continental organic matter added
in it. Characteristics of this kind of mixed origin could be affected by different sources of oreforming fluid. (2) Or-
ganic matter in deposit implies that the hydrothermal fluids suffered from the physical and chemical processes of high
reduction and high salinity. (3) Organic matter which hosted by lead—zinc ore and dolostone with high maturity
belongs to carbon bitumen which reflect the evolution of higher levels of organic matter. Organic matters in ore and
host rock have a similar maturity and reflect a similar geological process. (4) Organic matter reduced the sulfate in
carbonate rocks and resulted in reduced sulfur to create the conditions for lead and zinc sulfide precipitation. ( 5)
oreforming fluids in the hydrocarbon content is relatively high it inferred that high mature stage of evolution of organ—
ic matter may be the formation of the ancient reservoir involved in the mineralization. The organic matter plays a role
of reducing agent during mixing with ore-bearing fluid.

Key words biomarker; reducing agent; lead—zinc; organic matter evolution; Chipu



